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ABSTRACT: 

PURPOSE: To improve speed of water absorption, rate of water 
absorption and 

light transmittance by agglomeratina a high concn. mixed water soln. 
contg . a 

specified PVA and other water-soluble high polymer, dehydrating it and 
swelling 

it again with water. 

CONSTITUTION: A PVA with. a degree of polymn. of 500-4,000, a degree 

of 

saponification of 90% or higher and a repeating unit of 
(CH<SB>2</SB>-CH(OH) in 

an amount of 85-60wt.% and 15-40wt.% other water-soluble polymer with a 
wt . 

average MW of 1,000-300,000 are dissolved in water to obtain a high 
concn . 

mixed water soln. with a concn. of 8-40wt.%. An agglomeration is obtd. 
by 

heating and pressurizing this water soln. in an autoclave in the 



presence of 

steam, under a pressure of 1.2-5.0atm. at 105-150&deg,-C for 30-120 
min. After 

this agglomerate is dried in air and is dehydrated, it is swollen again 
with 

water to obtain a dried product of a strong rubbery polymer blend 
hydrogel . 

After this dried product is uniaxially or biaxially drawn, it is fixed 
under 

the drawn condition and is dried to obtain a shape-memorizing material. 
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(54) NEW HIGHLY WATER-ABSORPTIVE SHAPE-MEMORIZING MATERIAL 

(57)Abstract: 

PURPOSE: To improve speed of water absorption, rate of water absorption and light 
transmittance by agglomeratina a high concn. mixed water soln. contg. a specified PVA and 
other water-soluble high polymer, dehydrating it and swelling it again with water. 
CONSTITUTION: A PVA with a degree of polymn. of 500-4,000, a degree of saponification of 
90% or higher and a repeating unit of (CH2-CH(OH) in an amount of 85-60wt.% and 15- 
40wt.% other water-soluble polymer with a wt. average MW of 1,000-300,000 are dissolved in 
water to obtain a high concn. mixed water soln. with a concn. of 8-40wt.%. An agglomeration 
is obtd. by heating and pressurizing this water soln. in an autoclave in the presence of steam, 
under a pressure of 1.2-5.0atm. at 105-1 SOX for 30-120 min. After this agglomerate is dried 
in air and is dehydrated, it is swollen again with water to obtain a dried product of a strong 
rubbery polymer blend hydrogel. After this dried product is uniaxially or biaxially drawn, it is 
fixed under the drawn condition and is dried to obtain a shape-memorizing material. 
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[Claim(s)] 

[Claim 1] The polyvinyl alcohol which mainly has the repeat unit of -(CH2-CH(OH))- which has the 
polymerization degree of 500-4,000, and 90% or more of the degree of saponification, The dry matter of 
the macromolecule blend hydrogel which presents the shape of tough rubber acquired by re-swelling a 
high concentration mixed-water solution with other water soluble polymers with water after holding in 
temperature of 105-150 degrees C by the pressure of 1.2 to 5.0 atmospheric pressure under existence of 
a steam and dehydrating the aggregate obtained. 

[Claim 2] Configuration storage material which consists of an extension dry matter of the 
macromolecule blend hydrogel which presents the shape of tough rubber acquired by holding the high 
concentration mixed-water solution of the polyvinyl alcohol which mainly has the repeat unit of -(CH2- 
- CH(OH))- which has the polymerization degree of 500-4,000, and 90% or more of the degree of 
saponification, and other water soluble polymers in temperature of 105-150 degrees C by the pressure of 
1.2 to 5.0 atmospheric pressure under existence of a steam. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the configuration storage material which consists of a 
macromolecule blend hydrogel dry matter and an extension dry matter of a macromolecule blend 
hydrogel. When it states in detail, it is related with the configuration storage material which consists of a 
macromolecule blend hydrogel extension dry matter contracted in case a macromolecule blend hydrogel 
dry matter with a high water absorption with a very quick water absorption speed and water absorption 
speed are very quick, and a water absorption is high and it is water absorption. 
[0002] 

[Description of the Prior Art] It is known by repeating the high concentration solution of polyvinyl 
alcohol, and freezing and thawing conventionally, that a tough high water hydrogel can be manufactured 
(JP,57-130,543,A). When [ this ] the cause of tough hydrogel formation mainly repeats a freeze and 
defrosting, the moisture child between polyvinyl alcohol molecules changes to bound water, and it is 
also known that this has played the role of the point in a hydrogel constructing a bridge. The use as a 
wide range biomaterial is being presented with this kind of tough high water hydrogel. 
[0003] moreover, polyvinyl alcohol solution — other water soluble polymers ~ the bottom of 
atmospheric pressure and 17th volume the 273of [polymer chemistry -278(1960)] by which it is also 
known that gel will be formed by mixing at the temperature of 100 degrees C or less However, the 
attempt which uses the gel manufactured by doing in this way as solid material is not made at all. While 
aiming at manufacturing macromolecule blend fiber, gel generates the reason, and this gel is considered 
because it was considered the thing with it better [ not to be formed ] for the spinning solution of fiber. 
[0004] Moreover, this invention persons are high water in already blending the water soluble polymer of 
polyvinyl alcohol and others under heating pressurization, and found out that the polyvinyl alcohol 
system blend gel of high elasticity could be obtained (JP,3-161046,A), and suggested the use to the thin 
film for artificial skins, a soft contact lens, or an artificial joint. 

[0005] However, development of the further usage of the heating pressurization macromolecule blend 
hydrogel which has useful properties, such as tough rubber elasticity, high water nature, light- 
transmission nature, and oxygen permeability, was desired. 
[0006] 

[Problem(s) to be Solved by the Invention] Therefore, the purpose of this invention is to offer the new 
practical use method of a heating pressurization macromolecule blend hydrogel of having useful 
properties, such as tough rubber elasticity, high water nature, light-transmission nature, and oxygen 
permeability. 
[0007] 

[Means for Solving the Problem] The polyvinyl alcohol which mainly has the repeat unit of -(CH2-CH 
(OH))- in which these purposes have the polymerization degree of 500-4,000, and 90% or more of the 
degree of saponification, A high concentration mixed-water solution with other water soluble polymers 
is held in temperature of 105-150 degrees C by the pressure of 1.2 to 5.0 atmospheric pressure under 
existence of a steam. It is attained after dehydrating the aggregate obtained by this invention which 
consists of dry matters of the macromolecule blend hydrogel which presents the shape of tough rubber 
acquired by re-swelling with water, these purposes Polyvinyl alcohol which mainly has the repeat unit of 
-(CH2-CH(OH))- which has the polymerization degree of 500-4,000, and 90% or more of the degree of 
saponification again A high concentration mixed-water solution with other water soluble polymers is 
held in temperature of 105-150 degrees C by the pressure of 1.2 to 5.0 atmospheric pressure under 
existence of a steam. It is attained after dehydrating the aggregate obtained by this invention which 
consists of configuration storage material which consists of an extension dry matter of the 
macromolecule blend hydrogel which presents the shape of tough rubber acquired by re-swelling with 
water. 



http ://www4 . ipdl j po. go.j p/ cgi -bin/tran_web_cgi_ej j e 7/29/03 



Page 2 of 5 



[0008] The mixing ratios of this invention of this polyvinyl alcohol and these water soluble polymers of 
other are 85: 15-60:40 again. It is the configuration storage material which consists of the dry matter or 
extension dry matter of a macromolecule blend hydrogel. 

[0009] this invention is a configuration storage material which the weight average molecular weight of 
the water soluble polymer of further these others becomes from the dry matter or extension dry matter of 
a macromolecule blend hydrogel which is 1,000-300,000. 

[0010] this invention is a configuration storage material which consists of the dry matter or extension 
dry matter of macromolecule gel these water soluble polymers [ whose ] of other are a polyethylene 
glycol, a polyamino acid, or its salt again. 

[001 1] the polyvinyl alcohol currently used by this invention ~ polymerization degree 500-4,000 — 
preferably, it is 1,300-1,700 most preferably, and the degrees of saponification are 1,000-2,000, and the 
thing that is 95% or more preferably and mainly comes to have the repeat unit of -(CH2-CH(OH))- 90% 
or'more 

[0012] As other water soluble polymers mixed by this polyvinyl alcohol, there are nature, such as 
polyamino-acid salts, such as a polyethylene glycol, a polyacrylic acid or its salt, an acrylic-acid- 
acrylamide copolymer or its salt, the poly allylamine, a polyacrylamide, and a poly-glutamic-acid salt, 
an alginate, a pectic acid, and a carboxymethyl cellulose, or a carboxylate of a semisynthesis, a 
polyvinyl pyrrolidone, etc., for example, these water soluble polymers - weight average molecular 
weight - 1,000-300,000 -- it is 2,000-200,000 preferably the weight ratio of this polyvinyl alcohol and 
these water soluble polymers of other 85: 15-60:40 - it is 80:20-70:30 preferably namely, this weight 
ratio -- being out of range — if the shape of rubber — it is because the yield of a macromolecule blend 
hydrogel becomes low Although the mixture of these polyvinyl alcohol and other water soluble 
polymers is used as solution, the concentration is 10 - 35 % of the weight preferably eight to 40% of the 
weight. 

[0013] The reason for making concentration of polyvinyl alcohol solution high in this invention is to 
make it the great portion of water which exists the mixing ratio of polyvinyl alcohol and water turn into 
bound water, and to make the crosslinking density between macromolecules increase by this. 
Consequently, it is expected that amorphous rubber-ization is promoted, 

[0014] Manufacture of a high water macromolecule blend hydrogel is as being shown in JP,3-161046,A. 
namely, the mixed-water solution of the predetermined concentration of polyvinyl alcohol and other 
water soluble polymers — making — subsequently ~ this mixed-water solution — an autoclave ~ putting 
in - 1.2 to bottom of existence of steam 5.0 atmospheric pressure - desirable — 1.5 to 3.7 atmospheric 
pressure ~ and 105-150 degrees C is preferably performed at the temperature of 1 10-140 degrees C for 
30 to 120 minutes by carrying out heating pressurization for 45 - 90 minutes preferably 
[0015] In this invention, the reason using an autoclave, i.e., the reason for carrying out pressurization 
heating under existence of a steam High concentration polyvinyl alcohol solution sets under atmospheric 
pressure. As opposed to what it is hard to dissolve even if it heats to near 100 degree C which is the 
boiling point of water It is because it becomes possible to make it dissolve elevated-temperature high 
pressure, then easily by using an autoclave. And in case other water soluble polymers are blended to 
polyvinyl alcohol again, it is also because make both counter diffusion easy, the complex between 
macromolecules by the firm interaction between macromolecules is made to form and the role of the 
point constructing a bridge can be played in this complex. It is thought that a tough rubber-like 
macromolecule blend hydrogel is formed of the synergistic effect of these operations. 
[0016] The dry matter of the macromolecule blend hydrogel of this invention is obtained by drying for 
example, air-drying the macromolecule blend hydrogel created as mentioned above by the well-known 
dryness method. Moreover, the configuration storage material which consists of an extension dry matter 
of the macromolecule blend hydrogel of this invention fixes the created macromolecule blend hydrogel 
by the well-known method in one shaft or the state where carried out biaxial extension and it extended, 
and is obtained by drying by the well-known dryness method. Thus, the configuration storage material 
which consists of the macromolecule blend hydrogel dry matter and extension dry matter which are 
obtained can process various configurations. For example, a tabular, FU It can be made the shape of 
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IRUMU, a filamentose, a hollow filament, powder, etc. 

[0017] When making it the shape of a hollow filament, it is obtained by carrying out heating 
pressurization of the mixed-water solution of the predetermined concentration of polyvinyl alcohol and 
other water soluble polymers as mentioned above, carrying out spinning of the obtained solution and 
swelling it with water, and use to the demarcation membrane for matter transparency or an artificial 
blood vessel is also possible. If it carries out under extension fixation and will let water flow after 
molding as a dialyzer in order for contraction to arise in the case of water absorption and to return to the 
configuration of a basis in case this hollow filament is dried, there is also no slack by swelling and it is 
convenient. 

[0018] And this hollow fiber can remove the granular object of quite big size with the nest-like structure 
of the bee of mum order. 

[0019] Since it contracts by water absorption as mentioned above and the dry matter after extension 
fixation shows the configuration of a basis, the use as an actuator is also possible for it. The cause of 
such contraction originates in the structure of gel. That is, it has the big structure of cross linkage of 
crosslinking density by formation of the complex between very many polyvinyl alcohol (PVA) 
microcrystals and polyvinyl alcohol (PVA), and a polyethylene glycol (PEG), that such crosslinking 
density is high enables an amorphous chain to make it hard to happen and to carry out orientation of the 
shearing deformation between the molecules by extension effectively, and orientation is fixed by 
dryness. If the dried sample after such extension fixation absorbs water, it will be thought that an 
orientation amorphous chain shows entropy elasticity and contracts. 

[0020] Water absorption speed is very quick and the configuration storage material which consists of the 
gel dry matter or extension dry matter of this invention, especially fiber exceed about 4 times of a self- 
weight also for a water absorption. It is thought that this high absorptivity also enables the three- 
dimensions-honeycombed structure of several micrometers order to absorb moisture quickly so much. 
[0021] Furthermore, since super-thin fiber and powder have the large surface area, they can raise the 
above-mentioned high absorptivity further, and they can be used also as water absorption agents, such as 
a diaper and sanitary items. Since it contracts by water absorption, there are after treatment and an 
advantage that it becomes easy. The same is said of a film, a sheet, etc. which carried out biaxial 
extension. 
[0022] 

[Example] Next, an example is given and this invention is explained further. In addition, in the 
following example, a water content is based on the next definition. 
[0023] 
[Equation 1] 

ft** {%) x 1 0 0 

[0024] example 1 1. the 99.85% polymerization degree 1200 of the degrees of PVA- 120 (Kuraray poval) 
saponification of the creation polyvinyl alcohol (PVA) of the creation a spinning solution of fiber is 
powdered ~ PVA was used The polyethylene glycol (PEG) used the thing of Wako Pure Chem 
PEG4000 and average molecular weight 3000. 

[0025] The product made from Proof-pressure Glass Industry and simple chemical reaction equipment 
(transverse electromagnetic-VlOOO type) were used for the blend. Each powder and distilled water are 
put in so that it may be set this equipment by blend solution and the mixing ratio of polyvinyl alcohol 
and a polyethylene glycol may be set to 80:20 20wt(s)%. The temperature up is carried out stirring until 
inner temperature and an inner pressure become 150 degrees C. After reaching target temperature, the 
power supply was shut off, temperature was lowered to 50 degrees C, and it considered as the spinning 
solution. 

[0026] b) Production I spinning condition nozzle of the hollow filament by gel spinning Outer diameter - 
- 2.0mm Bore -- 0.7mm solidification liquid .... Methanol (-50 degrees C) (99.6% content) [dry ice] 
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Inner liquid .... Methanol (-40-30 degree C) (99.6% content) [the Dreier chair] 
Extrusion pressure .... +lkg/mm2. 

[0027] b) In order to make a part for the spinning method centrum, carry out free fall of the inner liquid 
beforehand, continue, and it is spinning solution about 1 kg/mm out of a spinning bath 2 Extruded in the 
-50 degree C coagulation bath, and it was made to solidify by quenching, thawed gradually after that, 
and returned to water, and the hollow filament was created. Subsequently, the created hollow filament 
was air-dried at the room temperature for 24 hours, and the macromolecule blend hydrogel dry matter 
was obtained. 

[0028] Moreover, the configuration storage material which air-dries the created hollow filament after 
extension fixation and at a room temperature 3 times for 24 hours, and consists of a macromolecule 
blend hydrogel extension dry matter was obtained. 

[0029] The size of a hollow filament can also be changed by changing the outer diameter of a nozzle, a 
bore, and an extrusion pressure. 

[0030] If spinning of the inner liquid is poured and carried out to create solid thread, it can obtain easily. 
Super-thin fiber will be simply obtained, if jet spinning is carried out and it dries in the methanol of 10 
degrees C of minus numbers. The equipment for obtaining such super-thin fiber is attained by passing 
air in the nozzle section in the case of spinning at high speed. In the case of jet spinning, spinning of the 
size of a spinning nozzle can be carried out into a -50 degree C methanol by 3/hr the diameter of 250 
micrometers, nitrogen gas pressure 1 1 kg/cm2, and 9m of blowdown air flow rates for extension, and it 
can obtain fiber with a diameter of 4 micrometers. 

[003 1] [Example 1 of an examination] The water absorption at the time of the configuration storage 
material which consists of the macromolecule blend hydrogel dry matter and macromolecule blend 
hydrogel extension dry matter which were created in the example 1 being immersed underwater (%), 
and the rate (%) contraction of extension (%) were shown in Table 1 and Table 2. 
[0032] 
[Table 1] 



u * k t k d y /nana 
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[0033] 
[Table 2] 
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[0034] The water of the configuration storage material which consists of a macromolecule blend 
hydrogel dry matter and a macromolecule blend hydrogel extension dry matter was carried out quickly, 
and, also after that, it absorbed water continuously. Moreover, the macromolecule blend hydrogel dry 
matter was swollen 30 to 40% by absorbing water. 

[0035] On the other hand, when it absorbed water, it contracted about 40%, and the configuration 
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storage material which consists of a macromolecule blend hydrogel extension dry matter approached the 
configuration of a basis. 

[0036] [Example 2 of an examination] When the diffusion angle dependency of X diffraction intensity is 
investigated by the gel state before dryness, it turns out that in addition to the halo by water diffraction 
by the PVA microcrystal was slightly observed near 20 degree, and the PVA microcrystal has played the 
role of the point constructing a bridge. 

[0037] If DSC investigates the dissolution behavior of gel, the dissolution by the PVA microcrystal will 
appear near 60 degree C, and a dissolution peak will be observed further also at an elevated-temperature 
side. It is expected that the peak by the side of this elevated temperature is based on the dissolution of 
the complex formed between PVA and PEG, and it is thought that this has also played the role of the 
point constructing a bridge. 

[0038] The diffraction ring by the PVA microcrystal appears, and in case it is fiber-ization, it turns out 
that orientation does not happen at the X-ray diffraction photograph of the freeze-drying object of gel. 
Degree of crystallinity was 48 (%) and was twice [ about ] the value of a blend film. 
[0039] 

[Effect of the Invention] The high concentration mixed-water solution of the polyvinyl alcohol which 
mainly has the repeat unit of -(CH2-CH(OH))- which has the polymerization degree of 500-4,000 and 
90% or more of the degree of saponification by this invention like described above, and other water 
soluble polymers is held in temperature of 105-150 degrees C by the pressure of 1.2 to 5.0 atmospheric 
pressure under existence of a steam. Therefore, since it is the configuration storage material which 
consists of the dry matter and the extension dry matter of a high water macromolecule blend hydrogel 
which present the shape of tough rubber acquired and especially the configuration storage material that 
is excellent in elasticity and consists of an extension dry matter is contracted by water absorption in 
order to excel in water absorption and to use the absorbed water as bound water with a macromolecule, 
it is useful as water-absorption agents, such as a diaper, sanitary items, and a portable toilet, a sealant, 
hydrophilic coat material, water-retention material, a 



[Translation done.] 
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